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1 INTRODUCTION

Guardrails are intended to protect the traveling public from hazardous obstacles, both natural
and man made, which are located within the clearzone of a roadway. These are usually flexible
systems which are designed to deflect during the redirection of an impacting vehicle. Bridge rails
serve a similar purpose, as they prevent errant vehicles from proceeding over the edge of a bridge,
and in the case of overpasses, they protect the traffic and pedestrians below the bridge as well.
Bridge rails are normally much more rigid than guardrails, as there is little room for deflection on
the edge of a bridge. The difference in stiffness between these systems leads to a potentially
dangerous situation when an approach guardrail is transitioned to a rig.id bridge rail.

If the approach guardrail is too flexible, vehicles impacting in this transition area wiil
“pocket” and impact the end of the bridge rail. This tsfpe of accident results in very high deceleration
rates and considerable deformation of the occupant compartment, as well as very serious injury or
death to the occupants. In order to avoid this behavior, it is necessary to gradually stiffen the
approach guardrail so that large deflections do not occur near the end of the bridge rail.

There has been a significant amount of research conducted in this area, with the majority of
the work being concentrated on designing systems which meet the performance requirements of
NCHRP Report 230 (1). This criteria has been in effect since 1981, and requires that the system pass
a full-scale vehicle crash test consisting of a 4500-1b sedan impacting at 60 mph and 25 degrees. The
impact location for this test is specified to be 15 ft upstream of the bridge rail end. A large number
of guardrail to bridge rail transitions have been tested and approved under this criteria, and have been
installed throughout the country. In 1993, a new set of criteria was introduced to the highway safety
community in NCHRP Report 350 (2). This criteria reflected the recent increase in the popularity
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of light trucks and sport utility vehicles by replacing the 4500-Ib sedan, previously used as a test
vehicle, with a ¥%-ton pickup truck. The impact conditions for this test are similar, 100 km/hr (62.2
mph) and 25 degrees, but the impact point is now determined based on the predicted worst case for
the system. This is referred to as the critical impact point (CIP) and 1s déscribed later in this report
in more detail. |

The introduction of the ¥-ton pickup as a test vehicle has presented a number of challenges
to designers of roadside appurtenances. The higher center of gravity and bumper height of this
vehicle results in a less stable impact response, often resulting in the vehicle ramping over the
system or rolling over after the initial impact. The structural design of the pickup is such that
significantly more occupant compartment deformation is present after a redirectional test, as
compared to a similar test with a full-size sedan.
1.1 Objective

The objective of this research project was to redesign the guardrail to bridge rail transition
used by the Nebraska Department of Roads so that it is capable of passing the criteria required by
NCHRP Report 350 (2).
1.2 Scopé

The scope of this project included the analysis and simulation of the current guardrail to
bridge rail transition, and the suBsequent redesign of the system to meet the criteria set forth in
NCHRP Report 350 (2). The redesigned system was then evaluated with a full-scale vehicle crash

test consisting of a 2000-kg pickup impacting the transition at 100 km/h and 25 degrees.



2 DESIGN DETAILS

The design details of the original Nebraska Thrie-Beam Transition, which was successfully
tested to NCHRP Report 230 criteria in 1987 (3), is shown in Figure 1. This design has been very
popular because it allows what would normally be the first post in the transition (with 3 ft - 1’2 in.
spacing) to be omitted from the system. This is often necessary due to obstructions caused by the
bridge substructure being located in this area. The obvious problem with this type of design is that
the missing post allows additional deflection at a critical point and introduces the possibility of
snagging on the end of the bridge rail. This problem is countered by nesting the thrie-beam in this
area and incorporating a flare into the end of the concrete parapet to reduce the pdtential for
snagging. The size of the posts in the transition area are also increased, in an effort to minimize the
deflection during an impact.

Although this design was capable of passing the NCHRP Report 230 testing with the full-size
sedan, a new array of variables is introduced with the pickup testing required by NCHRP Report
350, as discussed in the introduction. The most critical of these differences being the higher center
of gravity and the difference in vehicle structure which typically allows more occupant compartment
deformation for a given redirectional impact. With these design challenges in mind, the transition
system was redesigned with the goal of producing a system which could pass the criteria required
by NCHRP Report 350. The details of the BARRIER VII (4) computer modeling effort, which was
key to the fedesign procedure, are presented in the next section.

The redesigned system is shown in Figure 2, with detailed component drawings presented
in Appendix A. Several design changes Were introduced, including the modification of the concrete
abutment so that the flared portion continues down to the bridge deck surface. This was done to
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improve constructability and reduce the likelihood of the vehicle snagging on the end of the bridge
rail. Other modifications were also made to the geometry of this abutment to reduce vehicle snag,
as shown in the design drawings. These changes were based on BARRIER VII simulations which
considered the amount of wheel hub snag which would occur as a result of contact with the
abutments.

First, the flare rate of the tapered end was increased in order to move the concrete end further
behind the back face of the thrie beam rail. This resulted in the concrete end being positioned 175
mm (6.9 in.) behind the rail in the modified design versus 115 mm (4.5 in.) in the original design.
Second, the length of the tapered section was decreased from 460 mm (18.1 in.) to 250 mm (9.8 in.)
to reduce the required distance the concrete end needed to be offset from the back of the thrie beam
rail as well as to reduce construction costs. The increased flare rate and decreased length of the flared
portion of the abutment are the result of the BARRIER VII analysis.

The Nebraska Department of Roads has recently begun to use steel posts in guardrail systems
instead of wood posts. As a result of this change, it was requested that the redesigned system utilize
steel posts. This also made the design more reasonable, as the strength ‘of the steel post could be
increased without an unreasonably large increase in post size, as would have been necessary with
a wood post. As can be seen in Figure 2, a 102-mm (4-in.) concrete slab was poured around the ﬁrsf
five posts in the transition, with a 330-mm by 400-mm (13-in. by 15%-in.) recess around each post.
A 51-mm (2-in.) thick layer of flowable fill was then poured around each post for vegetation control.
This is a weak mix (specifications presented in Appendix A), which should not significantly affect

the performance of the post.



'udisag uonisuel], eyserqaN jeuidiQ ‘' 2indig

O NVId TVIoadS

40 133HS
NOIL23S HOVOUddv 390148

NOILJ3S HOVOHddv 390148 30 S1IV130

(1811 avdi

WNAOHS JSIAYIIO SSTWN SY31IMITTIN NI 36Y SNOISNINIG i
NOILIS HIYOSY FI0168
UYSGHYNI AYIF-18H1 718000 0180
"SYNILSES JIELIN INISN 03IS31 OIHSYYD N3G SVH A0 UYHOHYND NYIB-A W S061 HIJVOY NYHO0NYAD NYIG-3INE §061:7 0611 061
SIN 1NN G350 39 TUA RYYAGHYH QUYONYIS NYII43nY
. 21 /1 ri4) 1
310N Il WIHI Oy 39045 Gr 1108 WEIND 3 N S0 WHSIXT
\ ) \'
J_r f i | [ ) T 4
i f s C_ 0 T
; , . L - \ ]
SOV NOIIIINM0D 335 /I
HYI04YND MYIG-A W04 LIAIT A¥d —H—-
RE 102 gy v awsma
Jww g rww 2P CHOYIG WY SC HIA
150d & Ofgi = M « OSIA YIHSYA 170 NILKOON 'SITN X
Y079 135550 Y38NIL GIIY3YL OAYS W 095 » W 002 x W Ot JLVYNY3LW JLVNYIALY 'SQYIH X3H 'S1708 “vig W &

1504 & ORI 5 {2 « Q024 &0 W 001 = Of « OSIA

®

©

X078 435100 $FORIL GIIV3E OIAYS W IS¢ & wnw 00C « uai 01 (©)
@

150d o OF@ = 1= 0028 MO W Ogat 1+ £+ O5ta (D)

(1504 133LS Y03 ON39I1

150d §36mi1 G31Y3Y1 Q3AYS OL81 = ww 002 = ww 051 (5)
X309 13530 ¥nlL Q31Y3HL OIAYS 4SS = ww 002 » ww 051 ()
0 135490 ¥3GNIL 0IIYI5L G3RYS 096 = ww 00 « way 05t (f)
1504 ¥I8NIL QILYR¥L OIAYS 0581 = ww 002 2 wwr 092 (2)
150d Y3emil 031v3Y1 O3AVS 061 = ww g5z » ww 052 (1)

(150d QOOM HOJ4) ON3D3IT

%3018 L3S3J40 QOOM HLIM 1SOd 133iS

ABYSSIIN SI INIINOY ON “NOIIY10H WOY1
X209 INAIY 01 G350 ST YN 09 ¥ 41

310N

(42078 ovY 1504 ¥04
dAL} J0K 0 w1

133079 ONY S04 404
A1) JI0H VG W 12

X3018 135430 GOOM HLIM 1SOd 1331S

SiNn33

UVYOYNI GIISH 34l 40 JISING
“JOHS ON3 MY38-3IHL TVII3dS TIVISM o
SNOILIINHOD ON3 430 403

SINININT UYSGKYND QIS KI3ALIE
“J04S GNF AY38-318HL TID34S TIISKL «
Jidvil ORIRIVOUSSY W4

AVAQYOY 3NVI-2 Y04

IMOI123S HIYOYIIY 390148 O1 AWVIOISNS)
SIN3NTII UYHGYYNI GIISIN N13A138
JOHS ON3 MY39-JitHI TWII3dS TNLISHL o

AVAQVOY Q3IGIAIQ ¥OJ
3S3ION NOI1J3INNOD

Quw@®

390148 AVM 3ND OL NOILJ3NNOD ON3 340 40 Uvi3a

300148 AvM 3NO O1 NOILI3INNOD GN3 440 JO 1ivi3d
*IIVHAYYND WV 3I8-3IHHL

(3LVYNY3LTV) 1IvHOHVAO WY3IE-M
JLIVEL INIHIVOSSSY Wy IIAEL WIHIVOSY

L1yvigIsans)

wavigisans)
) ; UryosID MYIG- 31 40 , Yrudymg nYIg-eHL 0, | )
JH5 OVF MY3E- 3181 M:Mwaubiws POILIJS WOLLISNYGL WY 0018 | "NVBOOD MY3G-A S04 LImIT AV " OHS OH3 \.Nn“ ::Na o UrD AYIE-A 504 1IATT A¥d '
TH WUSIK | ors ow 104 air02 3 $T0H kst | DS o 109 oy 3
1 l‘ T i ol I 1 il I i i
' / JZNVATYD TIV) BHSYA 3 U e
(0IZINVATYS 1Y) YISYA § W 9 ¥ w8 2F P :
(ORINATYD 1) YIHSYR 3 W 9 & WD 2°F P W0 VIQ @ 52 HiA UINSYA 110G BHIIMON |\IL b~
WO V10 WY SZ HIIA YIHSYA 1008 INIINON f0r" £ek "W X3 SOV X3 'S1708 "WiQ wu 22 w1 o

SIIN X3 'SQYIN XIH °$1308 VG ww 22

‘JOHS ON3 TY1D3dS MOJ
100320718 JAYH AYR G2 320168
310N




L izl
AVIORS
mmmmmm
afF 18
on
o
Z
[}
ﬂodls
gl
vmw..v. 2
.um
(-]
= 3
2
-3
2\
18
Hiz
S
g
»lo
4
t
-]
g
8
o
8
2l .
8
Hi
FA
.. WIINIOND 3DAINE
| iiroN sniows |
S
|\r"a \

CEMON ISIMIBHLO S3IWN (W) SOLINTIN JY SNOISNINIG TV

St ae0§
a-0 NolDd3S
1oy 4o 9084 1014
. 3
it aws
3-0 NOILI3S
3 s
..... N
2 Trosm A e
NS R L
m H— C60IN
* | [H=
M 2 w - —— 160IN
sy jo 3084 1014 —| ]H_(_vﬁ&l.%
st
Sii WS
g-4 NOILIIS

1By JO 3984 WO1]

i aEs
IEEIRES

*(panunuod) ugiso(g uonisuel], eyseiqaN [euiduQ | aIndiyg

“sake) 402 Sy vy

‘qunid aq ISTY 1By

w4 483 = (43}

204 wosd = (43}

308y yRg = (18}

WO 18IPU S8 PIND D
IBI JO B0V 10025 1B PIIOSEIN ¥

"W} Su3iI 3WY SNOIVAIT OGNV SNOILYIS TTY

»
'NY SGC 40 peoj exs & Dupsisas jo 04U HRIPRNG o
2qRARY 99 PUR SWRI WONS JO JIIMRJNUBW IQRINGIS B 0 190P0I0 DIRDWRIS B N - 1 7.. 14
LHPys AjquiassR JIaSup Ay SAQI0S 092 (G X 225y PORARD pud Siaysem d1eid 8 L 'y m
PINURARD I NTWOd G O] /8 SLISU[  UMDYS $A0Y X1 JO ARPWIA A = — _
01 £121810008 Djy ‘S1Idsup PIpEam] 10 Dupisisuod AiQuasse pIpIIm pasosdde e 2 %
HISU0D W] Oluf 1SPD PR YSIUING [BYS JOIRAILOD ) 'POGIN IRUIANR UB Sy X —uw
SUOH W TE D * (73 ﬁ
AN )
\ ,
0001
{41) 168IN-§ {33} 1681N-F
(48} C6CIN-S {18} |eocin-r _ (43) 0661N-£ 133} 0861N-2
COEIN-C nJ <l:_
P 260IN — 9 _ €6EIN 269iN ge_uezx
o s bl I —ph === - — b b L2 T R _
—_— ' (- T€60IN 5 " .
L BT T I L . 1 g B _.0
£69IN-2 ) T !
] %
1 T 4
Y I 1 1 _ ; &
] ] | L | | I (R B=W—G
T T ] )
i | RCEw |y E T
160N 3 i_ .\ (43) (33} 069IN 06EIN
| (sa0eds jEnd3) 2 N | {ss0edS [@nd3) 26EIN-T 169IN- TN oI ‘u_ L osciN-2
. 160IN-€ V 8 ﬁl v
e fo-150g PUF 3 _’_Sn 3 &9 05 A
008 0081 | 00wt o 0001 009 [N 000/ 3
0t aws
L] 10 3004 1V0J, R LT EE A TEE  FITEE IR e G AR R V) HBY JO R4 JuOi4 IR IUiOf
1 oors 0 P @V1S H)V0dddv NO TIvd 3JL3UON0OD N30 40 NV 1d worsubiny s V0 umag 9090 3
1 1
i oo o ) ) 133 (23
A I66N-S ._ 3&.:.» Dolisuea] ww 001 | | (430 066iIN-L | [i6EIN-P 16CIN-F (337 066IN-Z 1Ry jo B4 juosd
F — _ esam-c F: et | — _ _ e _ - oo
—==—3 T d=—E==% N At = £ £ 5 It (I s | ¥ T T 3 1
=k A O o o i ==x i O A RS0 T A A N i |
IIIII § W ey ———— ] 1 T
Lisdine _mg_z,n.L (saceds .m.sﬁx_ _ a.w_z.w ] _ (saoedg (b3} x_ AN toan-¢ _ o69n-9 N
T6EIN-5 160IN-€ ' TE6LIND I60IN-€ e 05
008 [ ! o0p1 ~oor 0001 009 009 0007 3
F—is0d 3 1504 3

0009 = UOHINAS ROy WO BY ¥

05(¢ = w0135 uiseg vO 1By ¥

v oiseys




Standard
W—Beam

12-Gauge W-Beam
Guardrail, 1905 mm

Cuararml

SR
& .ii \____.J

/\\//\\///\\‘
PN
AN

1
Y-
- —

952.5

952.5

5950

952.5

Flowable
2 [ i 3
L4 ee

952.5

1433

Rail Height 706mm —
=
Pad

a4
W150x22 SWS)MS) Steel Posts 2134mm Iong~|

w/ 150x200x356 Timber Blockouts

g_,,g
XK
N
7
2

on Section

1805 mm

siti

12-Gauge W-Beam to Thris Beam
Tran

7RG
N

=
-]

<

N

o
—
—
7
b
3

3810 mm

Nested 12—Gouge Thrie Beam

1250

1850

Ralt Helght 804mm—

/—Alrprtkp
7
>,
N
NN I
W150x37 (WGX25) Stesl Posts 2591mm fong

ote Pad (3—4 in. thick, 76—~102mm)

7

oured Concra

r
5
N
X

Thrie Beam Terminal Connector

x457 Timber Blockout

W150x22 SWS)(IS) Steel Post 2134mm long —
w/ 150x20!

W150x22 (W6x15) Steel Post 2134mm long

w/150x200x457 Timber Blockout

w/150x200x457 Timber Blockouts

Figure 2. Redesigned Nebraska Transition.



3 COMPUTER SIMULATION
3.1 Introduction |

Prior to full-scale vehicle crash testing, the BARRIER VII (4) computer model was used to
analyze and predict the dynamic performance of various abproach guardrail transition alternatives
attached to Nebraska’s standardized concrete buttress. The simulations were modeled with a 2000-kg
pickup truck impacting at a speed of 100.0 km/hr and at an angle of 25 degrees. A typical computer
simulation input data file is shown iﬁ Appendix B.

Computer simulation was also used to determine the critical impact point (CIP) for the
approach guardrail transition. The CIP was based upon the impact condition which produced the
greatest potential for wheel-assembly snagging on the lower blunt-end face on the upstream end of
the concrete buttress, occurring in combination with the maximum lateral dynamic rail deflection.
Generally, it is believed that wheel snag distances, in excess of 51 mm (2 in.) for the steel rim,
results in an increased potential for snagging and contact on the blunt-end face of the concrete
barrier. In this design, however, the researchers modified the size and shape of the taper on the
upstream end of the concrete buttress in an attempt to completely eliminate all wheel and rim
contact. The size of the redesigned taper was 250-mm (9.8-in.) long and 175-mm (6.9-in.) wide,
while the original taper was 460-mm (18.1-in.) long by 115-mm (4.5-mm) wide.

Past research involving sedan crash tests into transitions has shown that the potential for
vehicle pocketing is significantly reduced when the maximum dynamic rail deflections are less than
305 mm (12 il‘i.). However, recent pickup truck crash tests conducted according to NCHRP 350 on
thrie beam transitions have shown that the maximum allowable dynamic rail deflection should be
less than this limit due to the increased propensity for vehicle rollover. Currently, it is believed that

8



a maximum dynamic rail deflection of between 203 to 229 mm (8 to 9 in.), as measured to the top
of the rail, should be allowed for TL-3 thrie beam transitions.
3.2 Design Alternatives

The new approach guardrail transition was designed with consideration for eliminating wheel
snag on the concrete buttress and not allowing dynamic rail deflections greater than 203 to 229 mm
(8 to 9 in.), as measured to the top of the rail. Two steel post alternatives were configured to meet
these design considerations. The first alternative (Option No. 1) was supported by two W150x37
(W6x25) by 2591-mm (8%-1t) long steel posts and four W150x22 (W6x15) by 2134-mm (7-1t) long
steel posts. Post spacings consisted of one at 1879 mm (6 ft - 2 in.), four at 953 mm (3 ft - 1'% in.),
and one at 1905 mm (6 ft - 3 in.). The second alternative (Option No. 2) was supported by four
W200x46 (W8x3 1) by 3048-mm (10-ft) long steel posts and three W150x22 (W6x15) by 2134-mm
(7-ft) long steel posts. Post spacings consisted of one at 1879 mm (6 ft - 2 in.), two at 476 mm (1 ft -
6% in.), three at 953 mm (3 ft - 142 in.), and one at 1905 mm (6 ft - 3 in.).
3.3 Results

For Option No. 1 (W150x37), the critical impact point was determined to be the midspan
between post nos. 1 and 2 or 2105 mm (7 ft - 1 in.) from the upstream end of the .conérete end
section. For this impact condition, wheel snag distances for the outer tire and inner steel rim were
calculated to be approximétely 9.5 mm (¥s in.) and 0 mm, respectively. For this impact location, the
predicted maximum lateral dynamic rail deflection was 203 mm (8 in.), as measured to the center
height of the rail. Subsequently, the maximum dynamic rail deflection at the top of the rail was

estimated to be 234 mm (9.2 in.).



For Option No. 2 (W200x46), the critical impact point was determined to be post no. 2 or
2105 mm (7 ft - 1 in.) from the upstream end of the concrete end section. For this impact condition,
it was predicted that wheel snag would not occur on either the outer tire and inner steel rim. For this
impact location, the predicted maximum lateral dynamic rail deflection was 184 mm (7% 1n.), as
measured to the center height of the rail. Subsequently, the maximum dynamic rail deflection at the
top of the rail was estimated to be 208 mm (8.2 in.).

A comparison of the two options revealed that for both systems, wheel snag distances were
found to be negligible and the maximum dynamic rail deflections to the top of rail were within the
design limits. Therefore, Option 1 (W150x37) was selected over Option 2 (W200x46), since the
significant increase in construction costs for Option 2 over Option 1 provided only a slight reduction

in wheel snag distances and dynamic rail deflections.
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4 TEST CONDITIONS
4.1 Test Facility
4.1.1 Test Site
The Midwest Roadside Safety Facility’s outdoor test site is located at the Lincoln Air-Park
on the northwest end of the Lincoln Municipal Airport. The test facility is approximately 8 km (5
miles) northwest of the University of Nebraska-Lincoln. The site is surrounded and protected by a
2.4 m (8-ft) high chain-link security fence. -

4.1.2 Vehicle Guidance System

A reverse cable tow system with a 1:2 mechanical advantage was used to propel the test
vehicle. The distance traveled and the speed of the tow vehicle are one-half that of the test vehicle.
The test vehicle was released from the tow cable before impact with the appurtenance. A fifth wheel,
built by the Nucleus Corporation, was used in conjunction with a digital speedometer to increase the
accuracy of the test vehicle impact speed.

A vehicle guidance system developed by Hinch (5) was used to steer the test vehicle. The
guide-flag, attached to the front-left wheel and the guide cable, was sheared off before impact. The
95-mm (3/8-in.) diameter guide cable was tensioned to approximately 13.3 kN (3,000 lbs), and
supported laterally and vertically every 30.5 m (100 ft) by hinged stanchions. The vehicle guidance
system was 460-m‘(l ,500-ft) long for the test.

4.2 Test Vehicle

The test vehicle used for this evaluation was a 1990 %-ton Chevrolet pickup with a test
inertial mass of 2000 kg (4410 lbs). Photographs of this vehicle are shown in Figure 3, with
dimensions being presented in Figure 4.
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A number of square, black and white-checkered targets were placed on the test vehicle for
use in the high-speed film analysis. Two targets were located on the center of gravity, one on the top
and one on the driver's side of the test vehicle. The remaining targets were strategically located so
they could be used in the film analysis of the test.

The front wheels of the test vehicle were aligned for camber, caster, and toe-in values of zero
so that the vehicle would track properly along the guide cable. Two 5B flash bulbs were mounted
on the roof of the vehicle to pinpoint the time of impact with the guardrail on the high-speed film.

The flash bulbs were fired by a pressure tape switch mounted on the front face of the bumper.

Figure 3. Test Vehicle, Test NEBT-1.
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Date: 10=2=97 Test Number: NEBT -1 Model: __ 29500

Make: _ Chevrolet Vehicle 1.0#: 1GCFCP4KX F189207
Tire Sizerc/ /9 R16 Year: 1990 » Odometer:__ 0645250

¥(All Measurements Refer to Impacting Side)

Vehicle Geometry - mm

o_1867 b_1803

— c_5510 od_1295
: : [— __\i__’ L

T — L e_3340 £_875

tjn_ % — |l n e o711 h_1500

S \ = i 432 j_639

k_560 \_745

accelerometers

m_1988 n_1613

TN\ FotTpe, @ 0_1003  p_83

b P _éq— 1 1 q 750 r_ 445
_— S | /’Q\\ °
T4 @) — A =T, . 406 1842
h Wheel Center Height Front 390
d e £ Wheel Center Height Rear 396

Vwrear c WFr‘on'W

Wheel Well Clearance (FRY 845

Wheel Well Clearance (RRY S08

Engine Type V-8
Weights

- kg Curb Test Inertial Gross Static Engine Size 5./ L
Wepront 1033 1103 1103 Transmission Type:

Wereor 839 301 901 or‘ Manual
W‘to‘tol 1878 8004 8004 FwD OY‘ or 4WD
Note any damage prior to test: None

Figure 4. Test Vehicle Dimensions, Test NEBT-1.
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4.3 Data Acquisition Systems

4.3.1 Accelerometers

One triaxial piezoresistive accelerometer system, with a range of £200 G's, was used to
measure the acceleration in the longitudinal, lateral, and Vertical directions, at a sample rate of
10,000 Hz. The environmental shock and vibration sensor/recorder system, Model EDR-4M6, was
developed by Instrumented Sensor Technology (IST) of Okemos, Michigan and includes three
differential channels as well as three single-ended channels. The EDR-4 was configured with 6 Mb
of RAM memory and a 1,500 Hz lowpass filter. Computer software, "DynaMax 1 (DM-1)" and
"DADISP" were used to digitize, analyze, and plot the accelerometer data.

A backup triaxial piezoresistive accelerometer system, with a range of £200 G's, was also
used to measure the acceleration in the longitudinal, lateral, and vertical directions, at a sample rate
of 3,200 Hz. The environmental shock and vibration sensor/recorder system, Model EDR-3, was
developed by Instrumented Sensor Technology (IST) of Okemos, Michigan. The EDR-3 was
configured with 256 Kb of RAM memory and a 1,120 Hz lowpass filter. Computer software,
"DynaMax 1 (DM-1)" and "DADiSP" were used to digitize, analyze, and plot the accelerometer data.

4.3.2 Hich Speed Photography

Five Red Lake brand high-speed 16-mm Locam cameras, operating at 500 frames/sec, were
used to film the crash test. One camera, with a 12.5-mm lens, was placed above the test installation
to provide Aa ﬁeld of view perpendicular to the ground. A second Locam, with a 17 to 102 mm zoom
lens, was placed downstream from the impact point and had a field of view parallel to the barrier.
A third Locam, with a 12.5 to 75-mm zoom lens, was placed on the traffic side of the bridge rail and
had a field of view perpendicular to the barrier. Two additional high spegd Locam cameras were
placed behind the rail to aid in evaluation of the vehicle/rail interaction.

14



The film was analyzed using a Vanguard Motion Analyzer. Actual camera speed and camera

divergence factors were considered in the analysis of the high-speed film.

4.3.3 Speed Trap Switches

Five pressure tape switches, spaced at 2-m intervals, were used to determine the speed of the -
vehicle before impact. Each tape switch fired a strobe light and sent an electronic timing mark to the
data acquisition system as the left-front tire of the test vehicle passed over it. Test vehicle speeds
were determined from electronic timing mark data recorded on "EGAA" software. Strobe lights and
high-speed film analysis are used only as a backup in the event that vehicle speeds cannot be
determined from the electronic data.

4.3.4 Strain Gauges

Post nos. 1 and 2 were instrumented with strain gauges on the back side of the posts
approximately 29 mm (1'% in.) above the ground line. On each post, one gauge was placed on the
centerline of the post, while the other gauge was placed approximately 13 mm (% in.) from the edge.
The data from the strain gauges were recorded for 10 seconds, at a rate of 5000 samples/sec.

Weldable strain gauges were used and consistéd of gauge type LWK-06-W250B-350. The
nominal resistance of the gauges was 350.0 = 1.4 ohms, with a gauge factor equal to 2.02. The
operating temperature limits of the gauges was -195 to +260 degrees Celsius. The strain limits of the
gauges were 0.5% in tension or compression (5000 u¢). The strain gauges were manufactured by
the Micro-Measurements Division of Measurements Group, Inc. of Raleigh, North Carolina. The
installation procedure required that the metal surface be clean and free from debris and oxidation.

Once the surface had been prepared, the gauges were spot welded to the test surface.
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A Measurements Group Vishay Model 2310 signal conditioning amplifier was used to
condition and amplify the low-level signals to high-level outputs for multichannel, simultaneous
dynamic recording on "Test Point" software. After each signal was amplified, it was sent to a Keithly
Metrabyte DAS-1802HC data acquisition board, and then stored permanently on the portable

computer.
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5 PERFORMANCE EVALUATION CRITERIA

The safety performance objective of a guardrail to bridge rail transition is to redirect an errant
vehicle in a controlled manner without allowing it to snag on the end of the bridge rail, causing
excessive deceleration and occupant compartment deformation.

The performance criteria used to evaluate this full-scale vehicle crash test was taken from
NCHRP Report 350, Recommended Procedures for the Safety Performance Evaluation of Highway
Features (2). The safety performance of the bridge rail was evaluated according to three major
factors: (1) structural adequacy. (2) occupant risk, and (3) vehicle trajectory after collision. These
three evaluation criteria are defined and explained in NCHRP Report 350 (2). The specific
evaluation criteria which pertain to this test are presented in Table 1.

After each test, vehicle damage was assessed by the traffic accident scale (TAD) (6) and the

vehicle damage index (VDI) (7).
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Table 1. Relevant NCHRP 350 Evaluation Criteria

Test article should contain and redirect the vehicle; the vehicle should not penetrate,
underride, or override the installation although controlled lateral deflection of the test article
is acceptable.

Detached elements, fragments or other debris from the test article should not penetrate or
show potential for penetrating the occupant compartment, or present an undue hazard to
other traffic, pedestrians, or personnel in a work zone. Deformations of, or intrusions into,
the occupant compartment that could cause serious injuries should not be permitted.

The vehicle should remain upright during and after collision although moderate roll,
pitching and yawing are acceptable.

After collision it is preferable that the vehicle’s trajectory not intrude into adjacent traffic
lanes.

The occupant impact velocity in the longitudinal direction should not exceed 12 m/s (39.4
fps) and the occupant ridedown acceleration in the Jongitudinal direction should not exceed
20 g’s.

The exit angle from the test article preferably should be less than 60 percent of test impact
angle, measured at time of vehicle loss of contact with test device.

18




6 TEST RESULTS

6.1 Test NEBT-1 (2,004 kg, 103.2 km/h, 24.9 degrees)

For this test, the 1990 Chevrolet Y-ton pickup impacted the transition midway between post
nos. 1 and 2, as can be seen in Figure 5. The actual impact conditions were 103.2 km/h and 24.9
degrees. The results of the test are summarized in Figure 5, with additional sequential photos
presented in Figures 6 and 7.

Upon impact with the approach thrie-beam, the right-front corner of the vehicle began to
crush inward. By 14 msec after impact, the right-front corner of the vehicle had réached post no. 1,
and by 49 msec, it was at the midpoint between the first post and the bridge end. At 66 msec, the
vehicle reached the leading edge of the abutment and the right-front tire began to slide under the rail.
At 90 msec after impact, the right-front tire, which had become wedged under the rail, impacted the
end of the concrete abutment. This contact caused high deceleration forces and increased the amount
of occupant compartment damage which occurred to the vehicle. At 185 msec, the rear bumper
contacted the approach rail, and at 201 msec after impact, the vehicle was parallel to the system and
tfaveling at a velocity of 64.4 km/h (40.0 mph). The truck continued to redirect from the system, and
exited at 7 degrees and 61.4 km/h (38.2 mph) at 376 msec after impact. The vehicle continued
downstream and came té rest approximately 52-m (170-ft) downstream of impact, with the vehicle
center of gravity approximately 3 m (10 ft) behind a line parallel with the front face of the guardrail.
This final resting position can be seen in Figure 8.

Damage to the system was minimal, as shown in Figure 9. The maximum permanent set
deflection in the guardrail of 71 mm (2 13/16 in.) occurred at the midspan between the bridge end

and the first post. The first post fractured the flowable fill around its base, as a result of rotation
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during impact. There was slight cracking of the flowable fill around ’post no. 2, but no deformation
of the post. Damage to the bridge end was very minor, and consisted of tire marks and minor
concrete spalling. The tire marks indicated approximately 3 in. of wheel snag on the flat end of the
concrete abutment. There were no cracks in the bridge end, and no repair would be necessary for this
component of the system. .

The vehicle damage was considerable. as shown in Figure 10. The entire right-front corner
of the vehicle was severely crushed, resulting in deformation of the occupant compartment. The
upper control arm was disengaged from the right-front wheel assembly, allowing the wheel to pivot
outward and snag on the end of the abutment-. Most of the right side of the vehicle was damaged as
a result of contact with the transition system.

Deformation measurements in the occupant compartment indicated that the maximum
longitudinal and iateral deformations occurred on the right-front corner of the floorboard, which was
the closest point to the impacted region. The deformation in the occupant compartment appeared to
be more typical of what would be expected during a side-impact type loading, rather than the typical
deformation caused by the wheel being forced back into the firewall. The longitudinal deformation
was measured to be 165 mm (6% in.), while the lateral deformation was 121 mm (4% in.). The
maximum vertical occupant compartment deformation of 244 mm (9% in.) occurred in the left-rear
corner of the passenger side floorboard. The dash was also deformed, with measurements indicating
a 152-mm (6-in.) vertical deformation and 267-mm (10%-in.) deformation in the longitudinal
direction.

The occupant risk values for this test were calculated even though NCHRP Report 350 (2)

does not require that this test meet any of the criteria. The normalized occupant impact velocities
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were determined to be 9.8 m/s (32.2 fps) in the longitudinal direction, and the 8.2 m/s (26.9 fps) in

the lateral direction. The highest 10-msec average occupant ridedown decelerations were 7.6 g's
(longitudinal) and 10.3 g's (lateral). The results of this occupant risk assessment, as determined from
the accelerometer data, are summarized in Figure 5. The accelerometer data analysis 1s shown in
Appendix C.

As a result of the excessive occupant compartment deformation, the performance of Test
NEBT-1 on the Nebraska Guardrail to Bridge Rail Transition was determined to be unsuccessful

according to the criteria set forth in NCHRP Report 350 (2).
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Figure 6. Downstream Sequential Photographs, Test NEBT-1.
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Figure 7. Close-up Sequential Photographs, Test NEBT-1.
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Figure 8. Vehicle Trajectory, Test NEBT-1.
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Figure 9. System Damage, Test NEBT-1.
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Figure 9. System Damage, Test NEBT-1 (continued).
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Figure 10. Vehicle Damage, Test NEBT-1.
28



Figure 10. Vehicle Damage, Test NEBT-1 (continued).
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7 STRAIN GAUGE RESULTS
The data obtained from the strain gauges which were placed on post Nos. 1 and 2 was
analyzed and is summarized in Table 2.

Table 2. Strain Gauge Instrumentation Results

Post Location Maximum Strain Maximum Stress
No. (n) (ksi)
2 | Flange edge -503 -15.09
2 | Flange midpoint -468 -14.03
1 | Flange edge ~1270 -38.11 (close to yielding depending on exact
value of o)
1 | Flange midpoint -1225 -36.74 (close to yielding depending on exact
value of 6,)

These results indicate that some yielding of the first post likely occurred just below the
ground line, indicating that the first post was not over designed. These values are presented for

reference, so that they are available for comparison of future tests.
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8 DISCUSSION

This transition system behaved remarkably well in its ability to redirect a %-ton pickup, as
the vehicle was redirected with very little tendency to roll. This is significant because previous tests
conducted with pickups on transitions have resulted in high roll angles and rollovers. Vehicle
vaulting is also typical in this type of an impact, but did not occur during this test. .However, the
snagging which occurred on the end of the bridge abutment was critical, as it ultimately resulted in
significant deformations of the occupant compartment, and failure of the test. Based on the extent
and location of this deformation, it was judged that it would indeed present a risk to occupants
involved in an impact. |

The amount of occupant compartment deformation which is allowable during a redirectional
test with a pickup, has become the object of much debate recently, as the structure of a pickup allows
for more deformation than was typically found in the older sedan test vehicle. The typical scenario
witnessed during a pickup test is that the front wheel is pushed backward into the firewall, causing
local deformation of the firewall and floorpan in the longitudinal direction. However, this was not
the case in this test, as the deformation appeared to be the result of a lateral forée which caused
significant deformation to the entire floorboard. This lateral force occurred after the tire extended
under the rail, contacted the upstream end of the concrete section, and was forced to move laterally
back into the wheel-well region. It is believed that this occurrence was not due to the increased flare
rate of the concrete taper but was due to the unique observation of the tire collapsing underneath the
rail and contacting the end section.

The original concrete buttress used by NDOR is configured with a tapered concrete end that
does not extend to the ground but .is elevated 255 mm (10.0 in.) above the roadway. This
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configuration provides a blunt end at the base of the concrete buttress at the point where the tapered
concrete section becomes flush with the back side of the thrie beam rail. However, the modified
design incorporated a tapered section that continued down to the bridge deck surface. As stated
previously, this change was made to improve constructability and reduce the likelihood of wheel
snagging on the blunt end below the tapered concrete section. As already mentioned, during the
crash test a unique tire failure occurred, causing the Wheel to contact on the end of the tapered
concrete section. The researchers believe that had the tapered concrete section remained elevated
above the roadway surface, the probability of tire contact on the blunt end below the tapered concrete

section would be equal to or greater than that found during this crash test.
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9 RECOMMENDATIONS

Based on the system performance witnessed during the testing described herein, it is
recommended that the Nebraska transition design be modified to include a rubrail. A properly
designed rubrail would prevent the snagging which occurred on the end of the bridge rail, and reduce

the amount of occupant compartment deformation to an acceptable level.
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10 CONCLUSIONS
The Nebraska Transition was proven to be capable of redirecting a %-ton pickup in a
controlled and predictable manner. However, snagging which occurred on the upstream end of the
concrete tapered section resulted in excessive occupant compartment deformations. This led to the
conclusion that the system does not pass the Test Level 3 criteria for guardrail to bridge rail

transitions which is set forth in NCHRP Report 350 (2).
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APPENDIX A: Nebraska Transition Design Details

37



——e—————
| S DO |

O —

I —
LS
s m——
S
 —
p— =
f————

pod #)es5u0) |\

(B §2) wWw pz9L ‘'1oJpIong wosg-pm BNDY Z| (W §Z) Ww 0Z9L 'oIpIONY woeg—M 96009 Z| uolsubay woeg euy; o} m obnoy zZi
_ (W §°T1) ww p18¢ ‘swoep oyl 96no9-z) PASIN Z
. SEUNNG Q}9IOU0D YOUN

018L = G'TG6 © seonds ¢ 061

OFZSL = 5061 © seopds g

(WwWZOL—9Z) WO} Ul §—~€ 'POJ 9}0I0U0Y PeINOY |/

¥ g ki , GO 7

(43 i ok

o HY
© =X

~

JoUdly #1900 108 ¥ s eun
puncsy /a seqn) uonbpunod Ul msod 194

38




J- 05zt m 009 y_
i
_ | oot
05§
(o] ||¢I
se8 :
o ¥61
L6 _ {
| °—
L6
o ¥61
o —1.
|
_f 009 £0z |_
[« 0sg _ 0s¢g
|
i
i
08¢ T “
SlL i
|
]

_\ o8l

39



o————— 009 —— =

» o & 6L 6l 6L 6l
0S¢
GL
. 94 001
001 el el el 1
91
00l i
19 |, 0GG 40109UU0D
10 JBjUe)
00l . "
Ge8 001
_ 91
001
. = 91
001
_ 29|
00l o |
| . 9|
| 4
—0\ JBOA0D .C_C._.EEOAM 49A00 Ul ww(Qg
0001 |
0S¢ |lv_A mowv_ _ 18A0 “UIL WIWQS
- T TT T «
} LL 1 i
[ L4 [T ® Ld T LJ L J [ ]
_ noo1 | !
L | ooz 061l | 0ce
I ] ) ] .
sl oLl I Lo | -,IF a R . x
b | N R Y D B
_Q% o o P = M R S D M e
o o o w o 2 o o o o
o (@] (@] (@) o o o o by 2

40




Z9s4pq

suou

:3WIS

09 °pLJ9 ‘¢l "ON Yyope g

L6—,—g 31va
SNVd1L JOdN _ )
quawigundag 0 _ g9 _
vysvLqaN Jo Apsianiug) r.H mmgz @
09 °ppI9 ‘61 'ON Yops G|
[ ]
_ Geol “
09 °8ppJ9 ‘9| 'ON Yyope |
L€6
111778
('dAL) zgY
S¢l spue yjoq xooz, 0G¢
o__lJY
NI/
A
8vil
09 °pD49 ‘gl ON Yyopo /
L¢Gl
1
(dAL) zgo
G¢l spus yjog 3ooH 0Se
oPF.JJx
NN
A

8¥/L1

41



sNONo0jg Jaquui) LGFXO0ZX0SGE /M
buol wwLGGZ Sisod 19915 (STXOM) LEXOSLA

Z%®1 SiSod
8IN0Yo0|Y JOqUIL 9GEX00ZX0GE /M
6 IN0®O0|g Jaquill /GHXQOZXOSL /M NONO0|g JaquIll ZGHX00ZX0SL /M buo) Wipe1g $1504 19915 (81XOM N\Nxom_;
uoj WWYCLZ 1504 19938 (GLXOM) ZZXOSIM Buo| WWwyELZ 3804 19935 (SIXOM) ZZXOSIM
£ 1504 9%S S1S0d
¥ 1S0d b
881
3198 o oont
0SS 0SS 0SS 0SS
: : ! 90z
6z ¥08 [T £6L 6z V08 18 €GL 6LL T 612 ezt : n
v I ’ ot
T T i
1413 161 |—| |
-]
+ [ I—! i {743 11}
88 | o z81 m 1 i R ¢ |
| | i
2T T

9L

42



Il ~— W150x37 (W6x25)

-] |- 32 (1 1/4") . _ -] - 200 (8")

I l 106 |(4 3/16") J et
o "0 ‘ I 150'(6 )
I .
" 194 (7 5/8") Top
1IN
H 820 (3/47)
” e
I . 457 (18") 7
f
" e ——
I! |
| Side
H -] |—— 32 (1 1/4)
I . e ‘
182 (7 5/32")
" ‘ |
2591 (8 1/2) | | . ¥ — Q4
:: . 194 (7‘ 5/8") | \ 520 (3/4)
[e]
|

n
l
l
l
l
l
l
l
l
H POST NOS. 1 and 2
l

Front

2 each W150x37 (W6x25) Steel Posts w/ Timber Blockouts

43



~— W150x22 (W6x15)

~ =32 (1 1/#) R - 200 (")

| . [
O"l 106 (4 3/16") 5o (&) ===

i

H 194 (7 5/8") Top

°IN

:: \ 820 (3/4")

L I T e N

|| 457 (187 |

|

H F====3

Il

I Side

| .

2134 (7') I -~ l— 32 (1 1/4)

f

H 182 (7 5/32")
‘ |

| | N

" 194 (7 5/8) | \ 920 (3/4")

! | ]

Il

" Front

I

||

H

I

| :

| - POST NO. 3

1 each W150x22 (W6x15) Steel Posts w/ Timber Blockouts

44




i ~— W150x22 (W6x15)

— '-— 32 (1 1/4)

!

176 (6 15/16")

I 105[(4 1/8")

I \ 220 (3/4")

2134 (7°) i

l=— 200 (8 )‘

150 (6")

457 (18")

—] '. 32 (1 1/4)

!
76 (6 15/16) | | l
105 |(4 1/8") 'O\\
lo 820 (3/4")
Front
POST NO. 4

1 each W150x22 (W6x15) Steel Posts w/ Timber Blockouts

45



T W150x22 (W6x15)
‘ — |32 (1 1/4") _
57 (174) [0 ~ - 200 (8")
- 4 ______
I N 178 (7) 150*(6") ______ ’
olla
" | Top
I \ 820 (3/4")
I
||
| 356 (14") F====4]
" (14") EZZ=Z=Z=z
I
II )
” Side
| 2 /4
I o f !.
2134 (77) I 178 (7) \
I |

|| N

I \ 20 (3/4")

I Front

I | POST NOS. 5 and 6

2 each W150x22 (W6x15) Steel Posts w/ Timber Blockouts

46




I\ W150x13.5 (W6x9)
‘l 32 (1 1/4) :
57 (1/4) 25 (1) ~ |- 200 (&)
T I | R

5

| 178 (7') '150*(6") ——————

ol t
" Top
I 820 (3/4")
I |

| I
:: 356 (14") p====—9
|
:: Side

1830 (6’) | ' ~ =32 (1 1/4").

|| . ; "
H o |||
n | N
| - \ 820 (3/4")
I
" Front
]
I
|
| . POST NOS. 7 to 11

5 each W150x13.5 (W6x9) Steel Posts w/ Timber Blockouts

47



SECTION 1003 -- FLOWABLE FILL

1003.01 -- Description

Flowable fill shali be a mixture of cement, fly ash, fine sand, water, and
air having a consistency which will flow under a very low head.

1003.02 -- Material Characteristics

1. The approximate quantities of each material per cubic meter of mixed
material shall be as follows:

FLOWABLE FILL

Cement (Type I or II) 30 kg
Fly ash : 120 kg
Fine sand ' , 1,600 kg
Water (approx.) 250 kg
Air content (approx.) 10%
2 Actual quantities shall be adjusted to provide a yield of one cubic

meter with the materials used.
3. Approximate compressive strength should be 6 to 12 kPa.

L. TFine sand shall be a reasonably graded material having not less than
95-percent passing the 4.75 mm sieve and not more than 5-percent passing the

75 pm sieve.

5. Mixing'and handling of the material shall be in accordance with
Section 1002 in the 1985 Standard Specifications.
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APPENDIX B: BARRIER VII Simulation Input
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NEBRASKA:'L‘S1 TR??SITION TO CONCI;ETE BUTTRESS - BRUN6S2 (2 12-GA. NESTED THRIE/NODE 27)
1 2

37 0
0.0001 0.0001 0.50 300 0 1.0 1
1 5 5 5 5 5 1
1 0.0 0.0
3 75.00 0.0
5 150.00 0.0
7 225.00 0.0
9 300.00 0.0

11 375.00 0.0

13 450.00 0.0

15 525.00 0.0

17 600.00 0.0

19 637.50 0.0

21 675.00 0.0

25 712.50 0.0

29 750.00 0.0

37 825.00 0.0
1 3 1 1 0.0
3 5 1 1 0.0
5 7 1 1 0.0
7 9 1 1 0.0
9 11 1 1 0.0

11 13 1 1 0.0

13 15 1 1 0.0

15 17 1 1 0.0

7 19 1 1 0.0

19 21 1 1 0.0

21 25 3 1 0.0

25 29 3 1 0.0

29 37 7 1 0.0
1 37 0.35

37 3% 35 34 33 32 31 30 29 28
27 26 25 24 23 22 21 20 19 18
17 16 15 14 13 12 11 10 9 8

100 6
1 2.30 1.99 37.50 30000.0 6.92 99.5 68.5 0.10
2 2.475 2.125 18.75  30000.0 7.405 106.25 73.75 0.10
3 2.84 2.40 18.75  30000.0 8.375 120.0 84.0 0.10
4 3.205 2.68 18.75 30000.0 9.35 134.0 94.0 0.10
5 3.575 2.96 18.75 30000.0 10.325 148.0 104.25 0.10
308 5 7.52 6.20 9.375 30000.0 21.62 310.0 219.0 0.10
1 21.65 0.0 1000.0 1000.0 250.0 1000.0 1000.0 0.10
200.0 200.0 2. 2.0
2 21.65 0.0 1.15 2.46 54.0 96.6 255.57 0.10
6.0 15.0 16.0 16.0
3 21.65 0.0 8.00 8.00 97.5 256.5 495.78 0.10
15.0 30.0 16.0 16.0
4 21.65 0.0 8.00 8.00 105.0 256.5 580.87 0.10
15.0 30.0 16.0 16.0
5 21.65 0.0 8.00 8.00 105.0 256.5 539.52.0.10
15.0 30.0 16.0 16.0
6 21.65 0.0 8.00 8.00 212.5 462.24 984.21 0.10
20.0 55.0 16.0 16.0
7 21.65 0.0 2000.0 2000.0 500.0 2500.0 2500.0 0.10
400.0 400.0 1.0 1.0
1 1 2 16 1 101 0.0 0.0 0.0
17 17 18 1 102 0.0 0.0 0.0
18 18 19 1 103 0.0 0.0 0.0
19 19 20 1 104 0.0 0.0 0.0
20 20 21 1 105 0.0 0.0 0.0
21 21 22 36 1 106 0.0 0.0 0.0
37 1 38 2 301 0.0 0.0 0.0 0.0 0.0
39 5 43 2 302 0.0 0.0 0.0 0.0 0.0
44 15 45 2 303 0.0 0.0 0.0 0.0 0.0
46 19 304 0.0 0.0 0.0 0.0 0.0
47 21 305 0.0 0.0 0.0 0.0 0.0
48 25 49 4 306 0.0 0.0 0.0 0.0 0.0
5 307 0.0 0.0 0.0 0.0 0.0
4400.0 40000.0 20 6 4 0 1
1 .055 0.12 6.00 17.0
2 0.057 0.15 7.00 18.0
3 0.062 0.18 10.00 12.0
4 0.110 0.35 12.00 6.0
5 0.35 0.45 6.00 5.0
6 1.45 1.50 15.00 1.0
1 100.75 15.875 1 12.0 1 0 0 0
2 100.75 27.875 1 12.0 1 0 0 0
3 100.75 39.875 2 12.0 1 0 0 0
4 88.75 39.875 2 12.0 1 0 0 0
5 76.75 39.875 2 12.0 1 0 0 0
6 64.75 39.875 2 12.0 1 0 0 0
7 52.75 39.875 2 12.0 1 0 0 0
8 40.75 39.875 2 12.0 1 0 0 0
9 28.75 39.875 2 12.0 1 0 0 0

(9]
o
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APPENDIX C: Accelerometer Data Analysis - Test NEBT-1

Figure C-1.  Lateral Deceleration, Test NEBT-1.
Figure C-2. ~ Lateral Change in Velocity, Test NEBT-1.
Figure C-3.  Longitudinal Deceleration, Test NEBT-1.

Figure C-4.  Relative Longitudinal Change in Velocity, Test NEBT-1.
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Figure C-1. Lateral Deceleration, Test NEBT-1.
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Figure C-2. Lateral Change in Velocity, Test NEBT-1.
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Figure C-3. Longitudinal Deceleration, Test NEBT-1.
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Figure C-4. Relative Longitudinal Change in Velocity, Test NEBT-1.
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